Our work focuses on the experimental implementation of a specially designed Travelling Wave Tube (TWT) where a test electron beam is used to observe its non-self-consistent interaction with externally excited wave(s). This device was extensively used to mimic beamplasma interaction because the dispersion relation closely resembles that of a finite radius, finite temperature plasma; But, unlike a plasma, the helix does not introduce any appreciable noise [1] . TWT also allowed the observation of resonance overlap responsible for Hamiltonian chaos [2] , the direct exploration of nonlinear particle synchronization by a single non resonant wave [3] and of the experimental implementation of a new method to control
non resonant wave [3] and of the experimental implementation of a new method to control chaos [4] .
The TWT is made up of three main elements: an electron gun, a slow wave structure (SWS) formed by a 4m long helix with axially movable antennas, and an electron velocity analyzer.
The electron gun creates a beam which propagates along the axis of the SWS and is confined by a strong axial magnetic field with a typical amplitude of 0.05T which does not affect the axial motion of the electrons. The central part of the gun consists of the grid-cathode subassembly of a ceramic microwave triode and the anode is replaced by a Cu plate with an on-axis hole whose aperture defines the beam diameter equal to 1mm or 3mm depending on the specific experiment. Beam currents, Ib<1 mA, and maximal cathode voltages, |Vc|<200V, can be set independently. Waves are launched by an arbitrary waveform generator with a moving probe capacitively coupled to the helix. The SWS is long enough to allow non-linear processes to develop. Finally the cumulative changes of the electron beam distribution are measured with the velocity analyzer, located at the end of the interaction region [5] .
Here we consider charged test particles moving in two electrostatic waves. The equation modelling the dynamics in this case is
k , i and i are respectively the amplitudes, wave numbers, frequencies and phases of the two waves; is the charge to mass ratio of the particle. We focus on the experimental observation of a "devil's staircase" in such a time dependent system [6, 7] considered as a paradigm for the transition to large scale chaos in the universality class of hamiltonian systems [8] . Fig.1,(b-c) ). In Fig.2a we remark the V-structure typical of a [10] . Fig.2b shows how, above a certain applied signal amplitude threshold, the distribution function spreads over a much wider velocity domain, and electrons can be strongly accelerated: the transition to large velocity spread does not occur continuously but rather occurs by steps. As shown in Fig.2c we can relate this behavior to the breaking of invariant velocity barriers as expected from transition to large scale chaos in a non integrable
Hamiltonian system with a good agreement with theoretical estimates.
We have thus exhibited a well-defined experiment in a laboratory device that allows a direct experimental exploration of fractal features of the complex Hamiltonian phase space. This striking result paves the road to a detailed experimental exploration of chaotic behavior in nondissipative systems.
In perspective the injection of electron packets with a prescribed phase with respect to a wave should allow to explore more details about the test particle dynamics.
